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(57) ABSTRACT

An object of the present mvention 1s to provide a positive
clectrode material for non-aqueous electrolyte lithium-ion
battery which capable of discharging high output power and
inhibiting cracking of secondary particle in the cyclic endur-
ance at a high temperature. The above object can be attained
by a positive electrode material for non-aqueous electrolyte
lithium-10n battery of the present invention, characterized 1n
that said material comprises secondary particles composed of
primary particles of lithtum nickel composite oxide contain-
ing the primary particles having different aspect ratios, and
that at least a part of said primary particles having different
aspect ratios are arranged so as to make the longitudinal
direction (the long side direction) thereof oriented toward the
center of the secondary particle.

17 Claims, 9 Drawing Sheets
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POSITIVE ELECTRODE MATERIAL FOR
LITHIUM ION BATTERY WITH

NONAQUEOUS ELECTROLYTE, AND
BATTERY USING THE SAME

TECHNICAL FIELD

The present invention relates to a positive electrode mate-
rial for non-aqueous electrolyte lithium-1on battery compris-
ing lithium nickel composite oxide as a positive electrode
active material and a non-aqueous electrolyte lithium-ion
battery comprising the same.

BACKGROUND ART

Currently, as a non-aqueous electrolyte secondary battery
for mobile devices such as cell-phone, lithium-1on secondary
battery has been commercialized. In this non-aqueous elec-
trolyte lithium-1on secondary battery, reduction in thickness
of the battery 1tself has been required as reductions in weight
and thickness of mobile devices progress. Recently, develop-
ment of a thin type battery using a laminated film as an
exterior material has progressed, and a laminate type of thin
type battery using a lithium cobalt oxide (LL1Co0O,) as a posi-
tive electrode active material, a graphitic material or a car-
bonaceous material as a negative electrode active material, an
organic solvent dissolving a lithium salt or a polymer elec-
trolyte as a non-aqueous electrolyte 1s being put into practical
use.

Furthermore, 1n recent years, along with shifts toward mul-
tifunction and high-performance of mobile devices, power
consumptions of devices are increasing, and for battery as a
power source for them, requirements ol higher output power,
high temperature stability in electrolytic solution, cost, and
environmental 1ssues are becoming more and more intensi-
fied. Consequently, development of lithium nickel composite
oxides (for example, LiIN1CoAlO,, L1(N1,Co,Mn)O, ), which
can be expected to contribute to higher output power and
improved high temperature stability 1in electrolytic solution in
comparison with the existing lithium cobalt oxide, 1s pro-
gressing.

Aside from these applications, 1n recent years, 1in order to
promote introduction of electric vehicle (EV), hybrd electric
vehicle (HEV) and fuel cell vehicle (FCV) against a back-
ground of heightened environmental protection movement,
developments of a power source for driving these motors or
an auxiliary power source for hybrid electric vehicle, etc. are
promoted. In these applications, a repeatedly chargeable and
dischargeable non-aqueous electrolyte lithium-1on secondary
battery 1s used. In an application such as driving a motor for
EV, HEV and FCV where high output power and high energy
density are required, since a single large type battery cannot
practically be manufactured, an assembled battery, which 1s
configured by plural batteries connected in series, 1s generally
used. As a unit battery constituting such an assembled battery,
use of a laminate type of thin type non-aqueous electrolyte
lithium-10n battery (referred to simply as a thin type lami-

nated battery) has been proposed (see, for example, JP-A-
2003-151526).

Further, JP-A-2001-243931 discloses a positive electrode
active material consisting of secondary particles, which are
agglutinates of a number of primary particles, mentioning
radial arrangement of said primary particles.

For more detail, a positive electrode active material for non-
aqueous electrolyte secondary battery using lithium cobal-
tate, which consists of secondary particles that are aggluti-
nates of a number of minute primary particles of lithium
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cabaltate represented by a general formula of LiCoQO,,
wherein said agglutinates of secondary particles have a num-
ber of minute vacancies into which electrolytic solution can
penetrate and a tap density of 2.2 kg/cm” or more, character-
1zed 1n that at least a part of said minute primary particles are
radially arranged along a direction from the center of second-
ary particle toward outside and that there are vacancies among
a radially arranged minute primary particle and neighboring

other similarly radially arranged minute primary particles,
has been reported.

DISCLOSURE OF INVENTION

However, 1n the battery comprising a positive electrode
material containing these secondary particles composed of
lithium nickel composite oxide particles (primary particles)
as a positive electrode active material, there were such prob-
lems that repeated high output power discharges at a high
temperature, for example, for HEV, etc., as described 1n the
above JP-A-2003-1513526, caused cracking 1n said secondary
particles leading to decreases 1n capacity and output power. In
addition, even though a particle of positive electrode material
was designed as described in the above JP-A-2001-243951,
since a direction of the primary particle itself had not been
determined, there was still a room for further improvement in
cyclic endurance.

In order to solve the abovementioned problem, inhibition
of the cracking of secondary particles has been studied by
moditying the particle design of positive electrode material,
however, a positive electrode active material having sudfi-
ciently acceptable output power for HEV or FCV etc. and
cyclic endurance at high temperature has not been obtained.

Thus, an object of the present mnvention 1s to provide a
positive electrode material for non-aqueous electrolyte
lithium-1on battery, which 1s capable of discharging high
output power and preventing cracking of the secondary par-
ticles 1n cyclic endurance at a high temperature.

More specifically, the object of the present invention can be
attained by a positive electrode material for non-aqueous
clectrolyte lithium-ion battery, characterized in that said
material comprises a secondary particle comprising primary
particles of lithium-nickel composite oxide having different
aspect ratios (a aspect ratio 1s different from 1), as a positive
clectrode active material, and that at least a part of said pri-
mary particles having different aspect ratios are arranged so
as to make the longitudinal direction (the long side direction)
thereol oriented toward the center of the secondary particle.

Further other objects, features and characteristics of the
present invention will become clear by referring to the pret-
erable embodiments 1llustrated 1n the following descriptions
and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 are drawings 1illustratively representing a lithium
nickel composite oxide particle as a positive electrode active
material wherein said active material composes spherical sec-
ondary particles composed of oval-sphere-shaped primary
particles having different aspect ratios, and at least a part of
said primary particles having different aspect ratios are
arranged so as to make the longitudinal direction (the long
side direction) thereof oriented toward the center of second-
ary particle. FIG. 1A 1s a schematic diagram illustratively
representing a spherical secondary particle, 1n which about
100% (almost total quantity) of the primary particles are
arranged so as to make the longitudinal direction (the long
side direction) thereof oriented toward the center of second-
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ary particle. FIG. 1B 1s a schematic diagram illustratively
representing a spherical secondary particle, in which about
80% of the primary particles are arranged so as to make the
longitudinal direction (the long side direction) thereof ori-
ented toward the center of secondary particle. FIG. 1C 1s a
schematic diagram illustratively representing a spherical sec-
ondary particle, in which about 20% of the primary particles
are arranged so as to make the longitudinal direction (the long
side direction) thereotf oriented toward the center of second-
ary particle.

FI1G. 2 1s a schematic diagram 1illustratively representing a
lithium nickel composite oxide particle as a positive electrode
active material, wherein said active material composes a
nearly spherical secondary particle with a porosity of about
0% composed of amorphous primary particles having differ-
ent aspect ratios, and at least a part of said primary particles
having different aspect ratios are arranged so as to make the
longitudinal direction (the long side direction) thereof ori-
ented toward the center of secondary particle.

FIG. 3 are drawings 1illustratively representing a lithium
nickel composite oxide particle as a positive electrode active
material wherein said active substance composes a spherical
secondary particle composed of primary particles having
equivalent aspect ratios. FIG. 3A 1s a schematic diagram
illustratively representing a nearly spherical secondary par-
ticle composed of spherical primary particles having equiva-
lent aspect ratios. FIG. 3B 1s a schematic diagram 1llustra-
tively representing a nearly spherical secondary particle
composed of cubic primary particles having equivalent aspect
ratios.

FIG. 4 shows a cross-sectional schematic diagram of a
non-bipolar type and flat type (laminate type) ol non-aqueous
clectrolyte lithium-ion secondary battery.

FIG. 5 shows a cross-sectional schematic diagram 1illustra-
tively representing total structure of a bipolar type of non-
aqueous electrolyte lithium-1on secondary battery.

FIG. 6 1s the pattern diagrams showing an example of
assembled battery connecting the bipolar batteries of the
present invention in 2 series and 20 parallels. FIG. 6(a) 1s atop
view ol the assembled battery, FIG. 6(b) 1s a front view of the
assembled battery, and FIG. 6(c¢) 1s a right side view of the
assembled battery. In each of these FIGS. 6(a) to (¢), inside of
the battery assembly 1s shown by seeing through an exterior
case, so that a manner 1n which bipolar batteries are con-
nected both 1n series and 1n parallel can be understood.

FIG. 7 are drawings showing an example of an assembled
battery connecting in parallel a bipolar battery A of the
present invention and 10 series of non-polar type lithtum-ion
secondary batteries B of the present invention. FIG. 7(a) 1s a
top view ol the assembled battery, FIG. 7(b) 1s a front view of
the assembled battery, and FI1G. 7(c) 1s a nght side view of the
assembled battery. In each of these FIGS. 7(a) to (¢), inside of
the assembled battery 1s shown by seeing through an exterior
case, so that a manner in which a bipolar battery A of the
present invention and non-bipolar type of lithium-1on second-
ary batteries B of the present invention are connected both 1n
series and 1n parallel can be understood.

FIG. 8 1s drawings showing an example of a composite
battery assembly of the present invention. FIG. 8(a) 1s a top
view of the composite assembled battery FIG. 8(b) 1s a front
view ol the composite assembled battery and FIG. 8(c¢) 15 a
right side view of the composite assembled battery.

FI1G. 9 1s a pattern diagrams showing an electric vehicle in
which a composite assembled battery 1s mounted.

FI1G. 101s an expository diagram describing absolute maxi-
mum length, which 1s used 1n measuring diameter of a par-
ticle.
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BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Hereinaftter, best modes for carrying out the present inven-
tion will be described 1n detal.

A positive electrode material for non-aqueous electrolyte
lithium-10n battery of the present invention, characterized 1n
that said material comprises a secondary particle comprising
primary particles of lithtum-nickel composite oxide having,
different aspect ratios (a aspect ratio 1s different from 1), as a
positive electrode active material, and that at least a part of
said primary particles having different aspect ratios are
arranged so as to make the longitudinal direction (the long
side direction) thereot oriented toward the center of the sec-
ondary particle.

In the present invention, since the secondary particle of
lithium nickel composite oxide 1s comprising the primary
particles having different aspect ratios such as rectangular,
oval-sphere, needle-like, plate-like, horn, columnar, etc.
shaped, and at least a part of said primary particles having
different aspect ratios are arranged so as to make the longi-
tudinal direction (the long side direction) thereof oriented
toward the center of secondary particle, a positive electrode
material for lithium-1on battery, which can prevent cracking,
of secondary particles even after high output power charge
and discharge at a high temperature, can be provided. Thus,
the positive electrode material for lithium-ion battery of the
present invention can greatly contribute to commercial appli-
cation of a non-aqueous electrolyte lithium-ion second bat-
tery, which enables high output power discharge 1n applica-
tions such as a power source for driving motors for EV, HEV,
FCV, etc., an auxiliary power source for hybnd electric
vehicle etc., and 1s superior 1 cyclic endurance at a high
temperature, and also repeatedly chargeable and discharge-
able.

Hereinafiter, the present invention will be explained refer-
ring to the drawings.

FIG. 1 are drawings illustratively representing a lithium
nickel composite oxide particle as a positive electrode active
material, wherein said active material comprises spherical
secondary particles comprising oval-sphere-shaped primary
particles having different aspect ratios, and at least a part of
said primary particles having different aspect ratios are
arranged so as to make the longitudinal direction (the long
side direction) thereof oriented toward the center of second-
ary particle. FIG. 1A 1s a schematic diagram illustratively
representing a spherical secondary particle comprising oval-
sphere-shaped primary particles, in which about 100% (al-
most total quantity) of the primary particles are arranged so as
to make the longitudinal direction (the long side direction)
thereol ortented toward the center of secondary particle. FIG.
1B 15 a schematic diagram 1llustratively representing a spheri-
cal secondary particle comprising oval-sphere-shaped pri-
mary particles, in which about 80% of the primary particles
are arranged so as to make the longitudinal direction (the long
side direction) thereof oriented toward the center of second-
ary particle. FIG. 1C 1s a schematic diagram illustratively
representing a spherical secondary particle comprising oval-
sphere-shaped primary particles, in which about 20% of the
primary particles are arranged so as to make the longitudinal
direction (the long side direction) thereot oriented toward the
center of secondary particle. FIG. 2 1s a schematic diagram
illustratively representing a nearly spherical secondary par-
ticle comprising amorphous primary particles having difier-
ent aspect ratios of a lithium nickel composite oxide particle
as a positive electrode active material, wherein at least a part
of said primary particles having different aspect ratios are
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arranged so as to make the longitudinal direction (the long
side direction) thereof oriented toward the center of second-
ary particle. FIG. 3 are drawings illustratively representing a
spherical secondary particle comprising primary particles
having equivalent aspect ratios of a lithium nickel composite
oxide particle as a positive electrode active material. FIG. 3A
1s a schematic diagram 1illustratively representing a nearly
spherical secondary particle comprising spherical primary
particles having equivalent aspect ratios. FIG. 3B 1s a sche-
matic diagram illustratively representing a nearly spherical
secondary particle comprising cubic primary particles having
equivalent aspect ratios.

In this connection, composition (material) of the lithium
nickel composite oxide, which can be used for the positive
clectrode material for non-aqueous electrolyte lithium-ion
battery of the present invention, 1s not particularly limited, but
preferably a lithium nickel cobalt manganese composite
oxide represented by the following chemical formula (1).

[Formula 1]

Li,Ni,Co,Mn,M,ON, (1)

In the above formula, the following relationships are sat-
1sfied: O<a<1.2, 0.3=<b=<0.9, 0=c=<0.6, 0.25=d=<0.6, O<e=<0.3,
1.5=1=2.2, and O=g=0.5. M represents Al or at least one kind
of Mg, Ca, 11, V, Cr, Fe and Ga; and N represents at least one
kind of F, Cl and S. Composition of these lithium nickel
composite oxide can be analyzed by using high-frequency
inductively coupled plasma (ICP), atomic absorption spec-
trometry, fluorescent X-ray spectrometry, chelatometric titra-
tion, or particle analyzer.

The lithium nickel composite oxide particle of the positive
clectrode active material of the present invention comprises a
secondary particle 11 aggregated by a plurality of primary
particles 13 having different aspect ratios as shown 1n FI1G. 1,
and at least a part of said primary particles 13 having different
aspect ratios are arranged so as to make the longitudinal
direction (the long side direction) thereof oriented toward the
center of secondary particle 11. Since the conventional
lithium nickel composite oxide particle formed granular sec-
ondary particles aggregated by spherical primary particles
having equivalent aspect ratios, at charge or discharge, espe-
cially by repeating high output power charge or discharge at
a high temperature, spaces among the primary particles
expanded due to expansion/contraction of the primary par-
ticles, causing cracking of the secondary particle. The lithium
nickel composite oxide particle of the positive electrode
active material of the present invention comprises secondary
particle comprising primary particles having different aspect
ratios, wherein at least apart of said primary particles 13
having different aspect ratios are arranged so as to make the
longitudinal direction (the long side direction) thereof ori-
ented toward the center of secondary particle 11, 1n this man-
ner, when a volume of the secondary particle expands or
contracts, the primary particles having different aspect ratios
and being arranged so as to make the longitudinal direction
(the long side direction) thereof oriented toward the center of
secondary particle 11, can expand or contract smoothly or
lubriciously along the longitudinal axis direction thereof.
However, the primary particles may be allowed to exist as 1t 1s,
within a range 1n which the effect of the present invention 1s
not impaired.

Shape of the primary particle having different aspect ratios
1s not particularly limited, so long as it 1s not 1n the spherical
or cubic shape, but preterably 1n the rectangular, oval-sphere,

needle-like, plate-like, horn or columnar shape. In addition,
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the primary particle having different aspect ratios also
includes one which 1s not 1n spherical or cubic, but amorphous
shape (refer to FI1G. 2).

The above primary particle having different aspect ratios
means the primary particle in which at least aspect ratios are
not equivalent, that 1s, aspect ratio 1s not 1. More specifically,
when the primary particle having different aspect ratios 1s 1n
the rectangular, needle-like, plate-like or horn shape, a ratio
of long diameter to short diameter, 1s 1.5 or more, preferably

in a range from 1.5 to 10, and more desirably in a range from
2 to 8. Similarly, when the primary particle having different
aspect ratios 1s in the oval-sphere or columnar shape, a ratio of
long diameter to short diameter, 1s 1.5 or more, preferably 1in
a range from 1.5 to 10, and more desirably 1n a range from 2
to 8. When the aspect ratio 1s less than 1.3, 1t becomes difficult
that the primary particle having different aspect ratios in
which the longitudinal direction (the long side direction)
thereol 1s oriented toward the center of secondary particle 11
would expand or contract along the longitudinal axis direc-
tion thereof. Hence, 1t becomes difficult to sufficiently pre-
vent moving away ol the primary particles composing the
secondary particle from each other, and prevent cracking of
the secondary particle stably for a long period. Thus, 1t could
become difficult that the effect of the present mvention 1s
suificiently exerted. On the contrary, when the aspect ratio 1s
over 10, the bond between the primary particles becomes
weak, and cyclic endurance 1s sometimes remarkably
decreased.

The primary particle of lithtum nickel composite oxide
means one containing the primary particle in which the aspect
ratios are not equlvalent that1s, aspect ratio 1s not 1. However,
the primary particles in which aspect ratios are equivalent,
that 1s, the aspect ratio 1s 1 (more specifically, 1.3 or less, as
(f,iscussed in Examples and Comparative Examples) being n
the spherical or cubic shape may be contained, 11 1t 1s within
a range 1 which the effect of the present invention, 1s not
impaired (refer to FIG. 3). More specifically, said primary
particle of lithtum nickel composite oxide desirably 1s con-
tained 1n an amount of not less than 20%, preferably 30%, and
more preferably 40% of the primary particle having different
aspect ratios. Due to this, moving away of the primary par-
ticles composing the secondary particle from each other 1s
prevented, and cracking of the secondary particle can be
suppressed. When the content of the primary particle having
different aspect ratios 1s contained in an amount of not less
than 20%, due to high content of the primary particle having
equivalent aspect ratios, it becomes difficult that the primary
particle having different aspect ratios 1n which the longitudi-
nal direction (the long side direction) thereof is oriented
toward the center of the secondary particle 11 expands or
contracts along the longitudinal axis thereof. Hence, it
becomes difficult to sufficiently prevent moving away of the
primary particles composing the secondary particle from
cach other, and suppress cracking of the secondary particle
stably for a long period. Thus, 1t could become difficult that
the effect of the present invention 1s sulliciently exerted. On
the contrary, upper limit of the ratio (probability) of the pri-
mary particle having different aspect ratios 1s not limited at
all. Namely, since higher content of the primary particle hav-
ing different aspect ratios can suppress increasing rate of
internal resistance more effectively, the whole amount (nearly
100%) thereof may be composed of the primary partlcle
having different aspect ratios. Such secondary particle n
which the whole amount (nearly 100%) thereotf 1s composed
of the primary particle having different aspect ratios can be
manufactured by controlling thermal decomposition tem-
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perature and calcination temperature in the synthesis process
as shown in Examples described later (for details, refer to
cach Example).

Further, 1n the present invention, the positive electrode
active material 1s characterized in that at least a part of the
primary particles 13 having different aspect ratios composing,
the secondary particle 11 are arranged so as to make the
longitudinal direction (the long side direction) thereof ori-
ented toward the center of the secondary particle M, as shown
in FIGS. 1, A to C. More specifically, as the positive electrode
active material, 50% (refer to FIG. 1C) or more, preferably
60% or more, further preferably 80% (refer to FIG. 1B) or
more, and particularly preferably about 100% (refer to FIG.
1A) of the primary particles 13 having different aspect ratios
1s desirably composed of the primary particles 13a 1n which
the longitudinal direction (the long side direction) thereof 1s
oriented toward the center of the secondary particle M. As the
positive electrode active material, when only less than 50% of
the primary particles 13 having different aspect ratios com-
prises the primary particles 13a 1n which the longitudinal
direction (the long side direction) thereof 1s oriented toward
the center of the secondary particle M (for example, refer to
FIG. 1C),
even between neighboring primary particles composing the
secondary particle 11 1n which the longitudinal directions
(the long side directions) thereof are oriented different direc-
tions each other, each primary particle hinders other particles
to expand or contract along the longitudinal direction (the
long side direction) thereof. As a result, the space among
primary particles could be expanded and cracking of the
secondary particle could easily occur, due to expansion at
charge and discharge. However, since easiness ol expansion
and contraction (following capability) at charge and dis-
charge varies depending on value of aspect ratio of the pri-
mary particle, content of the primary particle having different
aspect ratios, porosity of the secondary particles, and the like,
content of the primary particles 13 having diflerent aspect
ratios 1s not necessarily limited to the above ranges. It should
be noted that, 135 1n the drawings represents the primary
particle in which the longitudinal direction (the long side
direction) thereof 1s oriented toward different from the center
of the secondary particle M. It should be noted that, 1n FIG. 1,
the primary particle was explained as an oval-sphere-shaped
one, and similarly 1n the case of primary particle having
different aspect ratios which has other shape, for example,
rectangular, needle-like, plate-like, horn-shaped, columnar or
amorphous shape, the longitudinal direction means the long
side direction. Ratio of the primary particle 13a in which the
longitudinal direction (the long side direction) thereof 1s ori-
ented toward the center of secondary particle can be deter-
mined by processing an electrode (or a secondary particle of
the positive electrode active material) using Focused Ion
Beam (FIB) to cut out a cross-section of the electrode (or the
secondary particle of the positive electrode active material),
and observing through a SEM.

In addition, 1n the present invention, porosity of the sec-
ondary particle 1s 1n a range from 0.2 to 5%, preferably from
0.3 to 3%, and more preferably from 0.5 to 3%. When poros-
ity 1s less than 0.2%, an expansion space (vacancy section),
which 1s necessary when the primary particle 13 expands due
to an electrode reaction at charge and discharge, cannot be
suificiently secured. Hence, 1t becomes difficult that the pri-
mary particle 13 having different aspect ratios composing the
secondary particle 11 1n which the longitudinal direction (the
long side direction) thereof 1s oriented toward the center of
secondary particle 11 easily expands or contracts along the
longitudinal axis direction thereof. As a result, space among
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primary particles could be expanded and cracking of the
secondary particle could easily occur, due to expansion at
charge and discharge. On the contrary, in the case of porosity
over 5%, contacting area between the neighboring primary
particles decreases when the primary particle expands (con-
tracts) due to an electrode reaction at charge and discharge,
and 1nternal resistance could be increased. However, since
casiness (following capability) of expansion/contraction at
charge and discharge varies depending on value of aspect
ratio ol the primary particles, composition ratio of the pri-
mary particles having said different aspect ratios, and ratio of
primary particle 13a which 1s oriented toward the center of
secondary particle, the porosity 1s not necessarily limited to
the above range.

Measurement of the porosity of the secondary particle
described above 1s performed, for example, by cutting out a
cross-section of the secondary particle made of a positive
clectrode active material by means of FIB processing as
shown 1n FIG. 1A, and obtaining image data of the cross-
section by SEM. The image data obtained are loaded into a

computer, and the cross-section 1s divided into a vacancy part
and a material part by image processing.

Porosity=Area of vacancy part/(Area of vacancy part+

Area of positive electrode material part)x100 [Equation 1]

Porosity 1s calculated by the above equation. Measured
value ol porosity 1s obtained by calculating a mean value from
10 pieces of the secondary particles.

Further, the average particle size of the positive electrode
active material 1s not particularly limited, but desirably 1n a
range from 0.01 to 20 um from the view points of reactivity
and cyclic endurance. However, 1n the present invention, the
average particle size 1s not necessarily limited to the above
range. In this connection, the average particle size of a posi-
tive electrode active material means an average particle size
of positive electrode active material particles contained 1n a
positive electrode material. Therefore, as for the positive elec-
trode active material particle, which 1s contained 1n a positive
clectrode material 1n a state of a primary particle, particle size
corresponds to the particle size of said primary particle, and
as for the positive electrode active material particle, which
ex1sts as a secondary particle comprising a plurality of pri-
mary particles, particle size corresponds to the particle size of
said secondary particle. The average particle size can be
obtained by calculating a mean value of such particle sizes.

Average particle size of the primary particles composing
the secondary particle 1s desirably 1n a range from 0.01 to 5
um, and more desirably 1n a range from 0.05 to 2 um. Average
particle size of the secondary particle i1s desirably 1n a range
from 0.05 to 20 um, and more desirably 1n a range from 0.1 to
5 um. In the present invention, however, the average particle
s1zes are not necessarily limited to the above ranges.

Particle size of such positive electrode active material (in-
cluding both primary particle and secondary particle) can be
measured by means of SEM observation or TEM observation.
The positive electrode active material particles include pri-
mary particles having different aspect ratios and secondary
particles comprising said primary particles (in general,
spherical). Therefore, the particle size mentioned above or the
like 1s represented by absolute maximum length because
shape of particle 1s not uniform, and when sieving 1s applied,
opening of sieve (mesh-through size or mesh-pass size) may
be used. In this connection, the absolute maximum length
means the maximum length I among the lengths between
arbitrary two points on the profile line of a primary particle or
a secondary particle 91, as shown 1n FIG. 10.
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In the present invention, the secondary particle of positive
clectrode active material 1s 1n general formed spherically,
though the possible shape differs depending on the type and
the production method thereotf. However, besides the spheri-
cal form, the shape of secondary particle 1s sometimes 1n an
infinite shape close to spherical (refer to FIG. 2) and the like,
and not particularly limited, but any shape of secondary par-
ticle can be used without any problem. Preferably, the sec-
ondary particle has a structure, 1n which 50% or more of the
primary particles having different aspect ratios are arranged
so as to make the longitudinal direction (the long side direc-
tion) thereot oriented toward the center of secondary particle,
and when the secondary particle takes such structure, shape
thereotf becomes 1n general spherical. However, the second
particle 1s not limited to such shape, and desirably an opti-
mum shape of the secondary particle, which 1s capable of
improving buttery characteristics such as charge and dis-
charge properties, 1s selected as appropriate.

Synthesis process for the positive electrode active material
of the present invention, characterized in that said material
comprises secondary particles comprising primary particles
of lIithtum nickel composite oxide, having different aspect
ratios, and that at least a part of said primary particles having,
different aspect ratios are arranged so as to make the longi-
tudinal direction (the long side direction) thereof oriented
toward the center of secondary particle, includes, for
example, a method of heating a spherical nickel hydroxide
containing Co, Mn, Al and sulfur; or a mixture of nickel
hydroxide containing sultur, a Mn compound, a Co com-
pound, an Al compound; or a mixture of nickel hydroxide
containing sulfur and a composite oxide of Mn, Co and Al, at
a temperature 1n a prescribed range. More specifically, the
synthesis can be performed by using the process described as
in Examples described later and the like. Namely, lithium
hydroxide*hydrate and, i necessary, a spherical nickel
hydroxide contaiming Co, Mn, sulfur, and the like, are dis-
solved 1n a suitable solvent such as water. After that, the
solution 1s heated from room temperature up to a prescribed
temperature (for example, 300° C.), then dehydrated (solvent
1s removed) 1n air for a prescribed period of time (for
example, 24 hours). Particle size of an intermediate can be
controlled depending on the heating temperature condition 1in
this step. After that, thermal decomposition is carried out 1n a
prescribed temperature range (for example, between 300 to
500° C.) for a prescribed period of time (for example, 8 hours)
(porosity of secondary particle can be controlled depending
on the temperature condition of the thermal decomposition).
Subsequently, a calcination 1s carried out 1n a particular tem-
perature range (for example, 500 to 850° C.) higher than said
thermal decomposition temperature under the oxygen atmo-
sphere for a prescribed period of time (for example, 24 hours),
while homogenization 1s promoted. In this step, particles of
lithium nickel composite oxide grow up. By adjusting the
above calcination temperature condition, shape, size and
aspect ratio of the primary particle, degree of orientation
toward a particular direction of the primary particles compos-
ing secondary particle; for example, degree of orientation of
the primary particles having different aspect ratio 1n which
the longitudinal direction (the long side direction) thereof 1s
oriented toward a particular direction such as the direction
toward the center of the secondary particle can be controlled.
After the calcination, temperature 1s sent down to room tem-
perature (quenched) within 5 minutes while oxygen 1s passed
through. Other elements may also be added by coprecipitat-
ing as hydroxides thereof. Further, besides hydroxides, these
elements can be added as metals, oxides, nitrates or sulfates
thereof.
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The positive electrode material for non-aqueous electro-
lyte lithtum-1on battery of the present invention may be those
characterized 1n that the maternial forms secondary particles
comprising primary particles of lithium nickel composite
oxide having different aspect ratios as the above positive
clectrode active material, and that at least a part of said pri-
mary particles having different aspect ratios are arranged so
as to make the longitudinal direction (the long side direction)
thereol oriented toward the center of secondary particle.
Besides those, the positive electrode material can optionally
contain other positive electrode materials, if necessary. These
other materials are not particularly limited, and those conven-
tionally known can be widely applied. Heremafter, these
other materials will be explained.

Other positive electrode materials, which can be used as a
positive electrode material for non-aqueous electrolyte
lithium-1on battery of the present invention, can include a
conductive auxiliary agent to improve electronic conductiv-
ity, binder, an electrolyte-supporting salt (lithium salt) to
improve 1on conductivity, polymer gel (host polymer, elec-
trolytic solution, and the like), and the like. When a polymer
gel electrolyte 1s used for a battery electrolyte layer, a con-
ventionally known binder, a conductive auxiliary agent to
improve electronic conductivity and the like may be con-
tained, and a host polymer as a raw material of polymer
clectrolyte, an electrolytic solution or a lithium salt needs not
necessarily be contained. Also, when a solution electrolyte 1s
used for a battery electrolyte layer, a host polymer as a raw
material of polymer electrolyte, an electrolytic solution or a
lithium salt needs not necessarily be contained 1n the positive
clectrode matenial.

The conductive auxiliary agent includes acetylene black,
graphite, vapor-phase growth carbon fiber (VGCF), and the
like, but 1s not limited thereto.

As the binder, polyvinylidene fluoride (PVDF), styrene-
butadiene rubber; SBR), polyimide, and the like can be used,
but 1s not limited thereto.

The polymer gel electrolyte 1s a solid polymer electrolyte
having 1on-conducting property, which contains an electro-
lytic solution to be used for a conventionally known non-
aqueous electrolyte lithium-1on battery, and further includes a
polymer, which does not have lithium 1on-conducting prop-
erty and contains the similar electrolytic solution i the
framework thereof.

In this connection, the electrolytic solution to be contained
in the polymer gel electrolyte (electrolyte-supporting salt and
plasticizer) are not particularly limited, and conventionally
known various types of electrolytic solutions can be used as
appropriate. For example, those which contains at least one
kind of lithium salt (electrolyte-supporting salt) selected from
salts of 1norganic acid anions such as LiPF ., LiBF4, 1.1CIO,
LiAsF ., LilaF,, L1AICL,, L1,B,,Cl,,, and the like; salts of
organic acid an 1ons such as L1CF,SO,, Li(CF;S0,),N,
L1(C,FS0,),N, and the like; a mixture thereof and the like,
and use at least one kind of or a mixture of two or more kinds
of plasticizers (organic solvents) such as aprotic solvent and
the like selected from cyclic carbonates such as propylene
carbonate, ethylene carbonate, and the like; chain-like car-
bonates such as dimethyl carbonate, methyl ethyl carbonate,
diethyl carbonate, and the like; ethers such as tetrahydrofu-
ran, 2-methyltetrahydrofuran, 1,4-dioxane, 1,2-dimethoxy-
cthane, 1,2-dibutoxybutane, and the like; lactones such as
v-butyrolactone, and the like; nitriles such as acetonitrile, and
the like; esters such as methyl propionate, and the like; amides
such as dimethylformamaide, and the like; methyl acetate; and
methyl formate, can be used, but 1s not limited thereto.
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The solid polymer electrolyte having 1on-conducting prop-
erty includes, for example, known solid polymer electrolyte
such as polyethylene oxide (PEO), polypropylene oxide
(PPO), and copolymer thereof.

As the polymer which does not have lithium 1on-conduct-
ing property to be used for the polymer gel electrolyte, for
example, polyvinylidene fluoride (PVDF), polyvinyl chlo-
ride (PVC), polyacrylonitrile (PAN), poly(methyl methacry-
late) (PMMA), and the like can be used, but the polymer 1s not
limited thereto. In this connection, since PAN, PMMA, and
the like belong to a class, which hardly has 1on-conducting,
property, they are exemplified here as a polymer not having,
lithium 10n-conducting property to be used for the polymer
gel electrolyte, although they can be classified as the polymer
having 1on-conducting property.

As the electrolyte-supporting salt to improve 1on-conduct-
ing property, for example, salts of inorganic acid anions such
as LiPF., LiBF4, LiClO,, LiAsF., LiTaF., Li1ALCL,_,
L1,B,,Cl,, and the like; salts of organic acid anions such as
Li1(CF,S0,),N, Li(C,F.S0,),N, and the like; a mixture
thereof and the like can be used, but the salt 1s not limited
thereto.

Ratio (mass ratio) of the host polymer to the electrolytic
solution 1n the polymer gel electrolyte may be determined
corresponding to the intended use or the like, but 1s 1n a range
from 2:98 to 90:10. Namely, the present invention works
clfectively particularly to a solution electrolyte or a polymer
gel electrolyte using electrolytic solution, among non-aque-
ous electrolytes, from the viewpoint that decomposition of
clectrolytic solution 1s mhibited particularly by release of
radical oxygen from the positive electrode material. Accord-
ingly, as for the ratio (mass ratio) of the host polymer to the
clectrolytic solution 1n the polymer gel electrolyte, quantity
of the electrolytic solution needs not be limited for the pur-
pose ol countermeasure against blistering of battery due to
decomposition of the electrolytic solution, and the priority
can be given to battery characteristics.

In the positive electrode material of the present invention,
composition of the positive electrode active material accord-
ing to the present invention, wherein the material forms sec-
ondary particles comprising primary particles of lithium
nickel composite oxide, having different aspect ratios, and at
least a part of said primary particles having different aspect
ratios are arranged so as to make the longitudinal direction
(the long side direction) thereof oriented toward the center of
secondary particle, positive electrode active material differ-
ent from the said positive electrode active material, conduc-
tive auxiliary agent, binder, polymer electrolyte (host poly-
mer, electrolytic solution, etc.), and lithrum salt should be
determined 1n consideration of intended use of battery (out-
put-power-oriented, energy-oriented, etc.) and 1on-conduct-
ing property.

Next, the positive electrode material for non-aqueous elec-
trolyte lithium-1on battery according to the present invention
can be widely applied to non-aqueous electrolyte lithium-1on
battery.

Namely, the battery to which the positive electrode mate-
rial of the present ivention can be applied includes a non-
aqueous electrolyte lithium-1on battery using a positive elec-
trode material of which capacity enhancement can be
expected. Such battery enables to achieve, 1n particular, high
energy density and high output power density, and can be
suitably utilized as a power source for driving a vehicle, and
turthermore 1s sulliciently applicable to non-aqueous electro-
lyte secondary battery for mobile devices such as cell-phone
and the like. Therefore, the non-aqueous electrolyte second-
ary battery using the positive electrode material of the present
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invention will be explained, but application of the positive
clectrode material of the present mvention should not be
limited thereto.

Namely, the non-aqueous electrolyte lithtum-1on battery,
which 1s the subject of the present imnvention, may be a non-
aqueous electrolyte lithium-ion battery using the positive
clectrode material of the present invention, and other con-
stituent requirements should not be limited. For example,
when the non-aqueous electrolyte lithium-1on battery 1s clas-
sified by type ol usage, the battery of the present invention can
be applied to any type of primary battery or secondary battery.
When the non-aqueous electrolyte lithtum-1on battery 1s clas-
sified by configuration or structure, the battery of the present
invention can be applied to any conventionally known con-
figuration or structure such as laminate type (flat type) bat-
tery, coil type (cylindrical type) battery, or the like. Further,
when the battery 1s classified by electric connection type
(electrode structure), the battery of the present invention can
be applied to any of non-bipolar type (internally parallel
connection type) battery or bipolar type (internally series
connection type) battery. The bipolar battery can provide an
clectric cell having higher voltage as compared with usual
batteries, and constitute a battery having excellent capacity
and output characteristics. The polymer battery 1s advanta-
geous from the viewpoint that 1t 1s highly reliable because
liquid shunt 1s of no matter due to no liquid spill, and enables
to form a non-aqueous battery excellent 1n output character-
1stics with a simple configuration. In addition, the polymer
battery 1s also advantageous from the viewpoints of cost and
workability because long-term reliability can be secured by
sealing technique such as simple thermo-compression bond-
ing if laminate type (flat type) battery structure 1s employed.

Therefore, the non-bipolar type non-aqueous electrolyte
lithium-10n secondary battery and the bipolar type non-aque-
ous electrolyte lithium-10on secondary battery which use the
positive electrode material of the present invention will be
briefly explained referring to the drawings 1n the following
description, but the battery of the present invention should not
be limited thereto by no means. Namely, constituent require-
ments different from the positive electrode material described
above should never be limited.

FIG. 4 shows a cross-sectional schematic diagram of a
non-bipolar type and tlat type (laminate type) ol non-aqueous
clectrolyte lithium-ion secondary battery. The lithium-ion
secondary battery 31 shown in FIG. 4 has a structure in which
by using a polymer-metal composite laminated film as a
battery exterior material 32 and by bonding all of peripheral
part thereol by heat-sealing, a power generation element 38
laminated with a positive electrode plates composed of posi-
tive electrode collectors 33 with positive electrode active
material layers formed on both sides thereof, electrolyte lay-
ers 35, and negative electrode plates composed of negative
clectrode collectors 36 with negative electrode active material
layers 37 formed on both sides thereot (one side for the top
layer and the bottom layer of a power generation element) 1s
housed and sealed tightly. In addition, the secondary battery
also has a structure 1n which a positive electrode (terminal)
lead 39 and a negative electrode (terminal) lead 40, each of
which 1s connected to each electrode plate (positive electrode
plate or negative electrode plate), are attached to the positive
clectrode collectors 33 or the negative electrode collectors 36
of each electrode plate by ultrasonic welding, resistance
welding, or the like, shut in the heat-sealed section, and chop
out of the battery exterior material 32.

FIG. 5 shows a cross-sectional schematic diagram, which
schematically expresses overall structure of a bipolar type of
non-aqueous electrolyte lithtum-1on secondary battery (here-
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inafter, simply referred to as bipolar battery). As shown 1n
FIG. 5, i bipolar battery 41, a bipolar electrode 45 1s com-
posed of one sheet or two or more sheets of collectors 42 and
has a positive electrode active material layer 43 on one side
thereol and a negative electrode active material layer of the
present mvention 44 on another side thereof. A plurality of
bipolar electrodes 45 are arranged so as to make a positive
clectrode active material layer 43 and a negative electrode
active material layer 44 of neighboring two bipolar electrodes
45 opposed each other with an electrolyte layer 46 sand-
wiched 1n between. Namely, the bipolar battery 41 comprises
laminated electrode body (main body of the bipolar battery)
4’7 having a structure comprising a plurality of bipolar elec-
trodes 45, which has a positive electrode active matenal layer
43 on one side of collector 42 and an negative electrode active
matenal layer 44 on another side thereof, laminated via an
clectrolyte layer 46 1n between. In addition, the electrodes of
the top layer and the bottom layer, 45a and 455, of such
laminated electrode body 47, in which a plurality of bipolar
clectrodes 45 or the like are laminated, need notnecessarily to
have a bipolar electrode structure, and may have a structure,
in which a positive electrode active material layer 43 or a
negative electrode active material layer 44 required for col-
lector 42 (or terminal plate) 1s arranged on one side only.
Further, 1n bipolar battery 41, a positive electrode lead and an
negative electrode lead, 48 and 49, are connected to each of
the top and the bottom collectors 42.

In this connection, the number of the bipolar electrodes 45
(including electrodes 45a and 455) to be laminated 1s adjusted
corresponding to the required voltage. In addition, 1n bipolar
battery 41, the number of lamination of the bipolar electrode
45 may be decreased so long as a sufficient output power can
be secured even if a thickness of the battery i1s extremely
reduced. Further, in the bipolar battery 41 of the present
invention, 1n order to avoid shock and environmental deterio-
ration from outside 1n use, 1t 1s preferably to have a structure,
in which the section of laminated electrode body 47 is
vacuum-sealed 1n battery exterior material (exterior package)
50 with electrode leads 48 and 49 being taken out of battery
exterior material 50. The basic configuration of this bipolar
battery 41 can be said to be a configuration, 1n which a
plurality of laminated unit battery layers (electric cells) are
connected 1n series. Since the bipolar type of non-aqueous
clectrolyte lithium-10n secondary battery 1s basically similar
to the non-bipolar type of non-aqueous electrolyte lithium-
ion secondary battery, except that electrode structure thereof
differs from each other, each constituent will be collectively
explained below.

[Collector

The collector to be used in the present invention 1s not
particularly limited, and conventionally known collector can
beutilized. For example, aluminum foil, stainless-steel (SUS)
to1l, nickel-aluminum cladding matenal, copper-aluminum
cladding matenal, material plated with combination of these
metals, or the like can be preferably used. In addition, a
collector, 1n which aluminum 1s coated on the surface of a
metal, may be used. Further, in some cases, a collector made
by laminating two or more kinds of metal foils can be used.
When a composite collector 1s used, as a material for the
positive electrode collector, for example, a conductive metal
such as aluminum, aluminum alloy, SUS, titanium, and the
like can be used, and aluminum 1s particularly preferable. On
the other hand, as a material for the negative electrode col-
lector, for example, a conductive metal such as copper, nickel,
silver, SUS, and the like can be used, and SUS, nickel, and the
like are particularly preferable. Further, in the composite
collector, the positive electrode collector and the negative
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clectrode collector may be electrically connected to each
other directly or via a conductive intermediate layer consist-
ing of the third material. Further, as the positive electrode
collector or the negative electrode collector, besides a flat
plate (fo1l), a collector composed of a lath plate, that s, a plate
in which network spaces have been formed by expanding a
palate having cut lines, can be used. Thickness of the collector
1s not particularly limited, but generally around 1 to 100 um.
|Positive Electrode Active Material Layer]

Since constituent material of the positive electrode active
material layer has already been explained in the positive
clectrode material of the present invention, explanation here
1s omitted.

Thickness of the positive electrode active material layer 1s
not particularly limited, and should be determined 1n consid-
eration of intended use of the battery (output-power-oriented,
energy-oriented, etc.) and 1on-conducting property. Thick-
ness of general positive electrode material layers 1s around 1
to 500 um, and the thickness 1n this range can be suiliciently
used even 1n the present ivention. However, desirably the
thickness 1s particularly 1n a range from 4 to 60 um to express
eificiently the function possessed by the positive electrode
material of the present invention.

[Negative Electrode Material Layer]

The negative electrode material layer contains an negative
electrode active maternal. Besides this, a conductive auxihiary
agent to improve electronic conductive property, a binder<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>